Abstract Abdominal obesity (AO) and metabolic syndrome (MetS) are associated with the cardiovascular disease and type 2 diabetes. Serum uric acid (SUA) is often elevated in subjects with the AO. We aimed to investigate the association of elevated SUA with the components of MetS, oxidative stress and TG/HDL-C ratio in AO subjects. This cross-sectional study used data from a Health Survey for Prevention of Hypertension and Type 2 Diabetes Mellitus in residents of two districts in Phitsanulok province, including 443 subjects. Anthropometric, blood pressure (BP) and biochemical variables were measured. We categorized the participants to two-group as 248 AO subjects (median age = 58, interquartile range 50.0-65.0 years) and 195 non-AO subjects (median age = 53, interquartile range 47.0-62.0 years). Waist circumference was significantly correlated with SystBP, DiastBP, Glu and SUA (P \ 0.05) and SUA was significantly correlated with Glu, TG, HDL-C and TG/HDL-C ratio (P \ 0.05). By using multiple logistic regression, we found the association of elevated SUA with abdominal obesity, hyperglycemia, hypertriglyceridemia, reduced HDL-C, elevated TG/HDL-C ratio, MetS and increased oxidative stress after adjusting for their covariates. Our study demonstrated that circulating UA is a major antioxidant and might help protect against free-radical oxidative damage. However, elevated SUA concentrations associated with oxidative stress, MetS, insulin resistance, and components of MetS. Then, SUA may be a marker of increased oxidative stress, insulin resistance and MetS, implying an increased risk of vascular disease and T2DM.
Introduction
Abdominal obesity (AO) and the metabolic syndrome (MetS) are frequently associated with the prevalence of cardiovascular disease (CVD) [1] . Serum uric acid (SUA) is often elevated in subjects with the MetS and it increases according to uric acid levels in large epidemiological studies [2, 3] . Many studies have quantitatively estimated the risk assigned uric acid concentrations and the clustering of MetS components in adult and elderly populations [2, 3] . Uric acid is the final product of purine nucleotides metabolism, in mammalians uricase present in the liver converts urate into alantoin, substantially reducing uric acid plasma levels. Finally, uric acid is eliminated by the kidney. Further studies showed that most individuals had hyperuricemia, but not gout [4] and reported its association with obesity, hypertension (HT), dyslipidemia, kidney and CVD and more recently with the MetS [5] .
Obesity, especially of visceral fat, has been recognized as a major underlying factor of the pathogenesis of several diseases, including metabolic syndrome, insulin resistance, type 2 diabetes, HT, dyslipidemia, atherosclerosis and several forms of cancer [6, 7] . In human studies, the extent of fat accumulation has been correlated with various markers of systemic oxidative stress [8] . Studies have shown that oxidative stress is directly and indirectly associated with the pathogenesis of insulin resistance via the inhibition of insulin signals and the dysregulation of adipocytokines/adipokines, respectively [9, 10] . Oxidative stress occurs when reactive oxygen/nitrogen species overwhelm the antioxidant defense system. This is observed as a change in the organism's redox status that favors a disproportionate increase in reactive species or a decrease in the antioxidant defense [10] . If reactive species are not scavenged by antioxidants, they react with other cellular components [11] . The consequences of such detrimental reactions include lipid peroxidation, protein modification, and DNA oxidation [12] . Oxidative stress is purported to be involved in the pathogenesis of obesity-associated insulin resistance. Uric acid is a major antioxidant and might help protect against free-radical oxidative damage [13] . We aimed to investigate the association between elevated SUA levels with the components of MetS, increased oxidative stress and TG/HDL-C ratio in AO subjects.
Materials and Methods

Subjects
This cross-sectional study used the data from Health Survey for Prevention of HT and Type 2 Diabetes Mellitus in residents of two districts in Phitsanulok Province (January 2010-2013). Four hundred and forty three participants (114 men and 329 women) participated in the present study. We excluded the 94 subjects with known end stage renal failure, cancer, infection and any life threatening diseases from the study. We categorized to two-group as 248 AO subjects (median age = 58, interquartile range 50.0-65.0 years), waist circumference (WC) C90 cm in men and C80 cm in women and 195 nonabdominal obesity (non-AO) subjects (median age = 53, interquartile range 47.0-62.0 years), WC\90 cm in men and \80 cm in women according to the consensus definition of International Diabetes Federation (IDF) [14] . All participants were apparently healthy with no clinical signs of associated pathologies or organ damage and no history of coronary or cerebrovascular atherosclerotic disease. All participants gave written informed consent, and the Ethics Committee of Naresuan University approved the study protocol.
Anthropometric and Blood Pressure Measurement
Anthropometric parameters i.e. height, weight, and BP were measured and body mass index (BMI) was calculated. Waist circumference was measured at the midpoint between the both of rib cage and the top of lateral border of iliac crest during minimal respiration. Blood pressure was measured as the mean value of at least two measurements of these participants on the same day with a Terumo digital blood pressure monitor (ES-P110). Hypertension was defined as an average BP C140/ 90 mmHg or if the participant was taking antihypertensive medications or had been diagnosed with HT.
Definition of Metabolic Syndrome
Metabolic syndrome was defined according to the consensus definition of IDF [14] . Men with a WC in excess of 90 cm and women with a WC in excess of 80 cm were diagnosed with MetS if they had two or more of the following components: (1) dyslipidemia: triglycerides C150 mg/dl and/or HDL cholesterol\40 mg/dl in men and \50 mg/dl in women; (2) high blood pressure: BP C130/ 85 mmHg; (3) impaired glucose tolerance: fasting plasma glucose C100 mg/dl.
Blood Sample Collection and Biochemical Determination
Venous blood samples were collected without stasis after a 12 h fast and a 30 min rest in a supine position. Blood specimens were processed and assayed on the central laboratory of Faculty of Allied Health Sciences on the same day. Fasting plasma glucose (Glu), Uric acid, total cholesterol (TC), triglycerides (TG), and high density lipoprotein cholesterol (HDL-C) were determined by the enzymatic methods on the Hitachi 912 autoanalyzer (Roche Diagnostic, Switzerland). Low density lipoprotein cholesterol (LDL-C) was calculated by Friedewald's equation, which is valid for TG values less than or equal to 400 mg/dl. We defined subjects as having hyperuricemia if their SUA concentration was [7. 0 mg/dl (in men) or [6.0 mg/dl (in women) [15] .
Triglyceride to High-density Lipoprotein Cholesterol (TG/HDL) Ratio TG/HDL-C ratio has been identified as a reliable marker of insulin resistance in overweight, obesity and T2DM patients [16, 17] . The cut-off value was 2.50, measuring concentrations in mg/dl. TG/HDL-C ratio has the best specificity and sensitivity [17] , taking the method of steady-state plasma glucose as reference.
Apolipoprotein B (ApoB) Assay
An immunoturbidimetric assay was procedurally measured by using a Hitachi 912 auto-analyzer (Roche Diagnostic, Switzerland). Method is standard IFCC SP3-07 procedure [18] . No high-dose hook effect was observed up to an ApoB concentration of 6.00 g/L (22.7 lmol/L). The method produced excellent within-run precision at (mean ± SD) 0.29 ± 0.004 g/L, (%CV = 1.5); 1.12 ± 0.006 g/L (%CV = 2.5); 1.27 ± 0.014 g/L (%CV = 1.1).
Malondialdehyde (MDA) Assay
After thawing the samples, MDA level was determined by using the thiobarbituric acid substances (TBARS) assay, a spectroscopic technique as in our previous report [19] . The method is based on the formation of red (pink) chromophore following the reaction of TBA with MDA and the other breakdown products of peroxidized lipids called MDA. One molecule of MDA reacts with two molecules of TBA to yield a pink pigment with absorption maximum at 532 nm.
Statistical Analysis
Statistical analysis was performed using the SPSS computer program version 13.0 (SPSS, Chicago, IL, USA). All variables are expressed as median and interquartile range (Q1-Q3). The Mann-Whitney U test was used to estimate difference between groups. Spearman rank correlation was used to assess the bivariate correlation of SUA with all components of MetS and other biochemical variables. All significant higher variables were identified as risk factors (WC, BP, Glu, SUA, TG, HDL-C, LDL-C, TG/HDL-C and MDA) for CVD and diabetes, and SUA was analyzed by multiple logistic regression to determine their contributions to the risk of MetS. Tests were two-tailed, and a P value \ 0.05 was considered significant.
Results
Of these study participants, 248 (%) were AO subjects. We found that SystBP, DiastBP, WC, BMI, Glu, SUA, TC, TG, TG/HDL-C, ApoB and MDA levels were significantly higher and HDL-C level was lower in AO than Non-AO (P \ 0.05) as shown in Table 1 . Bivariate correlations showed that WC was significantly correlated with BMI, SystBP, diastBP, Glu and SUA (r = 0.680, P \ 0.01; r = 0.172, P = 0.007; r = 0.135, P \ 0.001; r = 0.212, P = 0.001, r = 0.224, P \ 0.001, respectively), SUA was significantly correlated with Age, SystBP, Glu, TG, ApoB, HDL-C, and TG/HDL-C (r = 0.194, P = 0.002; r = 0.178, P = 0.005; r = 0.188, P = 0.003; r = 0.216, P = 0.001, r = 0.205, P = 0.001, r = -0.179, P = 0.005 and r = 0.221, P \ 0.001, respectively) in AO subjects and the correlation of the other variables were demonstrated in Table 2 . Multiple logistic regression was used to calculate the association of elevated SUA with (A-1) Abdominal obesity, (A-2) hyperglycemia, (A-3) hypertriglyceridemia, (A-4) reduced HDL-C, (A-5) elevated TG/HDL-C ratio (A-6) MetS, and (B) Increased oxidative stress after adjusting for their covariates as shown in Table 3 . Increased SUA concentrations in AO subjects were significantly associated with AO, elevated Glu, elevated TG, reduced HDL-C, elevated TG/HDL-C ratio, MetS and elevated MDA levels; ORs and 95 % CIs were 3.18 ( Table 3 . 
Discussion
Elevated SUA in human circulation carry an evolutionary advantage and it is a major antioxidant that protects cardiac, vascular, and neural cells from oxidative injury [20, 21] . Our finding demonstrated that SystBP, DiastBP, WC, BMI, Glu, SUA, TC, TG, LDL-C, ApoB and MDA were higher and HDL-C level was lower in AO subjects. In the present study also demonstrated elevated SUA is associated with elevated oxidative stress and the component of MetS after adjusted for their covariates by using multiple logistic regression analysis. Many studies have also suggested that increased oxidative stress is a feature of many risk factors for premature atherosclerosis, diabetes [22] and HT [23] . In a variety of organs and vascular beds, local UA concentrations increase during acute oxidative stress and ischemia, and the increased SUA concentrations might be a compensatory mechanism that confers protection against increased free radical activity [24] . Hyperuricemia even without crystal deposition and gout is strongly associated with cardiovascular disease, kidney disease, and HT increasing the risk of mortality [25] . Hyperuricemia is also common in the MetS and obesity [2, 13] , Tsushima et al. [26] reported that adipose tissue could produce and secrete uric acid through xanthine oxidoreductase and that the production was enhanced in obesity by using mouse models. There is the tremendous complexity of these disorders, the common pathogenetic feature for all of them is paradoxically an involvement of oxidative stress and oxidative modifications of macromolecules including proteins and lipids as well as redox-dependent low-grade inflammation [9, 10, 27] Oxidative stress and inflammation in the adipose tissue induce an imbalance in the production of adipocyte-specific hormones and cytokines (adipokines) that contribute substantially to the development of insulin resistance and cardiovascular risk associated with obesity [9, 10, 28, 31] . Fabbrini et al. [13] demonstrated that SUA is a major antioxidant and might help protect against freeradical oxidative damage in obese subjects. Schizophrenia is associated with a complex pathophysiology and outcome of radical mediated neurotoxicity. Dadheech et al. [29] demonstrated that the levels of endogenous antioxidants viz. GSH, bilirubin, total protein, albumin and uric acid, are disturbed in condition of schizophrenia which is an attempt to neutralize the ROS in body and reduce oxidative stress. These results to some extent support the role of endogenous antioxidants as components of total antioxidant response.
In the present study, we observed that higher levels of SUA were significantly associated with increasing BMI, waist circumference, blood pressure, serum levels of total cholesterol, LDL-C, and triglycerides. It has long been known that dyslipidemia, a high triglyceride, LDL-C, a low HDL-C, and obesity are indicative of pro-inflammatory state/oxidative stress [30] . Concerning uric acid, in vitro studies suggest that uric acid has pro-inflammatory effects. Uric acid has been shown to stimulate production of monocyte chemoattractant protein-1 by vascular smooth muscle cells, interleukin-1b, interleukin-6, and tumor necrosis factor-a by human mononuclear cells, C-reactive protein by cultured human vascular cells [30, 31] . SUA elevation may be a sensitive marker for underlying vascular inflammation. In fact, the present study demonstrated that elevated SUA was significantly associated with reduced HDL-C and elevated triglycerides, the both components risk of MetS in these subjects. These findings suggest the presence of a pro-inflammatory state in conjunction with impaired anti-inflammatory properties of HDL-C in the development of MetS, as reported in other populations [32, 33] . Given that pro-inflammatory state/ oxidative stress often preceded or prominently involved in MetS [34] , uric acid might contribute to the development of MetS through a pro-inflammatory pathway. AO is associated with increased oxidative stress and uric acid has potent counteracting antioxidant effects [2, 13] .
We also demonstrated that elevated SUA associated with elevated TG/HDL-C ratio after adjusting with their covariates. This ratio has been identified as a reliable marker of insulin resistance in overweight, obese and T2DM patients [19, 20] and with the risk of cardiovascular events [35] . Although hyperuricemia is often considered as a compensatory mechanism in the MetS [27] , it has also been noticed to be an independent predictor of obesity and hyperinsulinemia [3, 12, 13] .
Obesity induced by a high-fat and/or high-carbohydrate leads to enhanced oxidative stress in rats [36] . Reactive oxygen species were also overproduced in rat model of MetS induced by a diet high in fat and refined sugar [37] . Oxidative stress is a common pathogenic factor for the dysfunction of endothelial cells and b-cells. Increased oxidative stress appears to be a deleterious factor leading to insulin resistance, b-cells dysfunction, impaired glucose tolerance, and ultimately T2DM [38] . Obesity may play a role in the relationship between systemic oxidative stress and all of these conditions [12, 13, 38] . These data from our community sample are consistent with others demonstrating that oxidative stress is a key pathway leading to insulin resistance and hyperuricemia. SUA is a major antioxidant and might help protect against free-radical oxidative damage.
Conclusion
Our study demonstrated that SUA may play a major role as an antioxidant and might help protect against free-radical oxidative damage. SUA may be often associated with components of MetS, insulin resistance, MetS and oxidative stress. Then, SUA may be a marker of MetS, insulin resistance and increased oxidative stress, implying an increased risk of vascular disease and T2DM.
